Motor coordination problems in otherwise healthy children of normal intelligence are common. Such children are often noted by parents, caregivers and teachers to have problems with daily tasks such as dressing themselves, to trip when they run, to spill things frequently and to have messy handwriting and drawing. They may be labelled as "clumsy," "awkward" and "lazy." Research has shown that children with these motor coordination problems often end up with serious academic and social impairments and problems with self-esteem. Developmental coordination disorder (DCD) is the term used when a child's delayed motor skill development affects his or her ability to perform age-appropriate daily activities (Box 1).
A total of 5%-6% of children meet the criteria for DCD.
1 This means that, on average, at least 1 child in every primary school classroom is affected. Children with DCD are more likely than their peers to experience learning, emotional and behavioural problems (including learning disabilities, anxiety and attention-deficit hyperactivity disorder). Further, the deficits of DCD usually persist through adolescence and into adulthood. Early recognition of the condition by primary care providers may reduce its ultimate academic, emotional and behavioural impact.
Epidemiology and natural history
DCD is commonly diagnosed after age 5, when minor motor problems (often noted when the child was young) are highlighted by the structured demands of a school environment. 2 The ratio of boys to girls varies from 2:1 to 5:1, depending on the group studied. The cause of DCD is poorly understood, since the results of genetic studies, imaging tests and other laboratory investigations are all inconclusive.
Children with DCD may appear to be inattentive because they have difficulty stabilizing their bodies and joints, so they look restless. They may also actively avoid tasks that require motor skills and become anxious in social situations. DCD and attention-deficit hyperactivity disorder frequently occur together, but the contribution of the motor difficulties to children's academic and social problems is often overlooked.
Although the pathophysiology is unknown, affected children appear to have underlying difficulties in motor planning (planning movements such as sitting down on a chair or figuring out how to jump), the timing and amount of force needed during movement (e.g., using too much or too little force to pick things up, being late reaching to catch a ball), and the integration of information from sensory and motor systems (e.g., relying heavily on visual information to climb stairs or fasten buttons).
3 Children may also show poor balance, slow reaction and movement times, and difficulty executing fine motor skills needed for performing self-care activities, handwriting and drawing. A. Performance in daily activities that require motor coordination is substantially below that expected, given the person's chronological age and measured intelligence. This may be manifested by:
• Marked delays in achieving motor milestones (e.g., walking, crawling, sitting)
• Dropping things
• Clumsiness
• Poor performance in sports
• Poor handwriting B. The disturbance in criterion A significantly interferes with academic achievement or activities of daily living C. The disturbance is not due to a general medical condition (e.g., cerebral palsy, hemiplegia or muscular dystrophy) and does not meet criteria for a pervasive developmental disorder D. If mental retardation is present, the motor difficulties are in excess of those usually associated with it Note: For a comprehensive review of the examination of clumsiness in children, please refer to the article by Hamilton. cern, not because of the motor coordination problem itself but because of its impact on everyday activities and participation. Parents express concern about coordination difficulties when the child is young, but by early school age, these concerns are more evident as problems with self-care and academic activities. By the end of elementary school, social isolation, poor self-image and victimization are evident. Physical health concerns (childhood obesity and reduced physical fitness) and mental health problems (anxiety and depression) are commonly noted by early adolescence (Fig. 1) .
Screening
Annual health examinations are ideal times to screen for DCD. Parents can be asked to complete a self-administered questionnaire (see example in Appendix 1, available at www.cmaj.ca/cgi/content /full/175/5/471/DC1), or the physician can conduct a structured interview, listening for difficulties commonly associated with DCD. In addition, the physician can assess the child using simple screening activities administered in his or her office (see Appendix 2, available at www.cmaj.ca/cgi/content/full/175/5/471 /DC1). Children with symptoms or signs of a motor coordination disorder require further evaluation. An assessment that takes into account the differential diagnosis of DCD (Box 2) is necessary, since DCD is a diagnosis of exclusion. Elements of the child's history, physical examination and laboratory test profile that would make alternate diagnoses more likely are indicated.
Referral and treatment
Early referral to an occupational therapist or pediatric multidisciplinary team can help confirm the diagnosis and rule out comorbid conditions such as speech or language difficulties, attentional problems, learning difficulties and mental health problems. This type of team can also help devise early management plans that may improve the child's developmental outcomes. Successful treatment approaches involve various allied health professionals, and the child's parents, physician and teachers.
2,3
Armed with a diagnosis of DCD, parents are in a position to advocate for their child and to adapt their child's environment to encourage independence and self-esteem. Children with DCD lack confidence in situations where motor skills are required. Simple changes such as Velcro fasteners instead of buttons and laces can speed up dressing. Physical activities that naturally incorporate repetition and a constant environment, such as swimming, can be encouraged rather than team games. Teachers can reduce a child's stress and encourage academic progress by "matching" the child's abilities to the task. For example, reducing writing requirements, giving more time to complete tasks and encouraging different roles in physical education class can be helpful. 4 Resources containing teaching tips and strategies for parents and educators can be found at the CanChild Centre for Childhood Disability Research (www.canchild.ca).
The case revisited
Physical examination reveals that the patient has normal hearing and vision, is slightly overweight and has low muscle tone (slouches and has unstable posture in sitting and standing positions). Administration of the screening activities shows that the boy's onelegged balance is poor. His pencil grasp is awkward, he uses excessive pressure, and his printing is slow. His sitting posture at the desk is "floppy" and he props his head upright by leaning on his other hand. The patient is unable to bounce and catch a tennis ball (see video clip, available at www.cmaj.ca/cgi/content /full/175/5/471/DC2).
In the parent questionnaire, the mother indicates that her son has great difficulty with many motor-based activities, is slow to learn new motor skills and becomes easily frustrated. Further questions about his disruptive behaviour in the classroom reveal that he misbehaves only when written work is required; he is not otherwise inattentive.
DCD is diagnosed. The physician provides the boy's parents with a variety of educational materials and suggests a referral to an occupational therapist and a review in 3 months.
